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Typical load
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Reinforced g:rzfalckcta_d withd
eflection under
Cr\?gcrete dead load and
(RC) A, ?%? full service toad
Reinforcing bars
Dead load
Prestressed Prestressing tendons -;%_7 L_Jncracked with
Concrete likely camber
(PC) under dead load
and prestress
Full service load
A As
Dead load 4
partially donc oad
Prestressed ’A7 H'Av'v cracked under
Concrete full service load
(PPC)

Full service load
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L'ouvrage précontraint est dans sa position
initiale : la tension des cables se reporte sur o R e L e |
le béton, ce qui provogque un =
raccourcissement de la partie inférieure et
par la méme une cambrure vers le haut. —

diminue. 1

Plus la charge augmente, plus la cambrure —
- - -~

peut supporter une légére incurvation vers le
bas. Aucune fissure n'apparaitra aussi
longtemps que la partie inférieure restera en
compression.

Avec I'augmentation des charges, l'ouvrage i
) o e ﬁ@;ﬂgﬁ?*@ =2

L'ouvrage reprend sa position initiale | . = =]

lorsqu'on supprime les charges appliquées.

Large Compression

R . +A +£ ‘ )
F/A Mowy/l

Moy Very little or no Tension
Cross- Prestressing Stress Stress Stress
Section Force from DL from LL Resultant

» Stress in concrete when pre stressing is applied at
the c.g of the section
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Smaller Compression

Feoy/l Mey/l Muy/l Small Compression
Cross- Prestressing Stress Stress Stress
Section Force from DL from LL Resultant

* Stress in concrete when pre stressing is applied
eccentrically with respect to the c.g of the section
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Concrete fiber stress distribution in a rectangular beam with straight tendon.

(a) Concentric tendon, prestress only. (b) Concentric tendon, self-weight added. (c) Eccen-
tric tendon, prestress only. (d) Eccentric tendon, self-weight added.
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(b)

Prestressing tendon profile. (a) Harped tendon. (b} Draped tendon.
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Elastic fiber stresses due to the various loads in a prestressed beam.
(a) Initial prestress before losses. (b) Addition of self-weight. (c) Service load at ef-
fective prestress.
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Tension Compression
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Compression Compression
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A

- =N
Pre:‘;is:mg Compression Compression Compression Tension
could be zero —

{decompression)

(a) {b) {c) {d) (e N

Flexural stress distribution throughout loading history. (a) Beam sec-
tion. (b} Initial prestressing stage. (c) Self-weight and effective prestress. (d) Full

dead load plus effective prestress. (e) Full service load plus effective prestress. {f)
Limit state of stress at ultimate load for underreinforced beam.

L.oad 1\
Ultimate
Steel yielding
Service load limit
including
tolerable overload Qverload
First cracking load |- — — — —@— — —— —$f — Service load
range
De . fcr
compression - — - — - or higher
T8t =0
Balanced ——— os { )
Full dead load —7-0- - -1
=
/
/TN
/
L -
A ] - — —— Defc_irmation A
s, 1A, L™ ™ {deflection or camber)
— Ap,—lv-
Ap; = Initial prestress camber
-t O ; ] Ap, = Effective prestress camber

A, = Self-weight deflection
Ap = Dead load deflection
4, = Live load deflection
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anchor

nominal
dia. J

(a) 7-wire monostrand tendon (b) Multi-strand tendon

button head

threaded anchor head

(c) Single bar tendon (d) Multi-wire tendon
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Pre-tensioning - fiaal) A ol LIS+ acsa 24 )
Post-tensioning - &2 sall (A LIS ;3 2d Y

[Les types de précontrainte g (G &Lg-\‘]
. Préf:ontr_ainge _
(pl"efabrlc-atlon) (ém) JL@A,';H e
" avec déviateurs DN il G
* Précontrainte _ (EY) ) Gam
par post-tension

Y v
' N
Mise en tension l I
>
~ 1 i »>
Coulage du béton | > |
< | 1 >
Libration des cabl. | | Eens L5
ibration des cdbles
X Vo v
Al I A
Poutre précontrainte | I
» «
\, v

Placement des gaines i::‘*::\*_:__:-f:'
Coulage du béton i: ’4;*

-

Mise en tension V\EIIN l',—{])

Poutre précontrainte \‘q I]I ;
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Tendon Tensioned between Anchorages

(a)

7 Gl L (R S ol PR S R T [N

A \
(Y S S S S S S S S S S S S S
Forms Assembled and Concrete Placed in Forms

(b)

Tendons Cut and Compression Transferred to Member

(¢)
Tendon anchorage Jack
o | _Eeami | | _Beam2 _ __Beamn __
j\.'.\.ui’-‘. ' ﬂ? AR R e e ol N T R e S
3 m::hkont / Abutment on
Compression Tension
pile pile
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Ssheae T i i T i W
stressing 2 3 2
sequence 3
ﬂ section 1-1

(a) Stagewise sequential tensioning from one end

jack A,
1 1
23 32
section 2-2
inject grout
(c) Grouting of ducts
R I
Strensing anchorage Dsac4nd anchorige
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* Span' m.
Type of element pléfv &'ﬁ,an‘fz) ¢/h r%eti%

Y s & - ¢ = ]1"Th | <dead load 40

100 (4.8) 32-42
50 (2.4) 20-30

U U J" 100 (4.8) 18-28

- 50 (2.4) 23-32

? 100 (4.8) 19-24

D} <dead load 20

_In <dead load 30
highway
n loading 18

Typical span-to-depth ratios for simply supported prestressed
concrete members.
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Applications
AgaY) s O gl Cillaadas

Bridges = _g=>
Slabs in buildings - (Juall & )
Water Tank - sbwall Ul
Concrete Pile - 354V
Thin Shell Structures - b =il
Offshore Platform - 4 aull cilalal)
Nuclear Power Plant = 4335 48l cillaaa
Repair and Rehabilitations - JL 33§ 7oua¥) Jues|

bridges
21%

structural buildings
members 59%
31%

bridges

hollow-core
26%

slabs 13%

earthwork 8%
structures

architectural
35%

(a) Applications of (b) Applications of
precast products post-tensioning steel

S 5 1S3 jal
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|-Beam Box Bulb Column
Beam
Slab
r‘. (\ O O
Inverted Ledger Rectangular  Hollow-Core
Tee Beam Beam Beam Slab
BelE T
L
Pile Sections Sheet Pile Double
Tee

Common precast and prestressed concrete products.

Plce
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Walnut Lane Memorial Bridge: Recipient of the 1978 ASCE’s Out-
standing Civil Engineering Achievement Award.
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Long-line prestressed double tee casting bed.

e
B : g l‘ l :
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e

Erection of hollow-core deck members.
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Standardization allows optimized bridge designs. Standard AASHTO shapes offer immediate availability, economy,
durability and low maintenance.

Viaduc de la ravine de I'Hermitage Pont de Bettel-Roth
(lle de la Réunion) (Luxembourg)
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Viaducs a travées indépendantes a poutres précontraintes (VIPP)
PONT DE SAINT NAZAIRE

Les viaducs d’accés en béton comportent 22
travées au nord et 30 travées au sud.
Chaque travée de 50,70 métres de portée
est constituée de quatre poutres en béton
précontraint de 2,80 m de hauteur, de 3,00m
de largeur de table, solidarisées par un
hourdis et des entretoises aux extrémités.

Les travées sont « attelées » entre elles,
longitudinalement, par groupe de quatre au
niveau du hourdis.

Les poutres reposent sur les chevétres situés
en téte de pile par l'intermédiaire d'appareils
d'appuis. La pente longitudinale atteint
localement 5,6%.

Les poutres de 190 tonnes ont été fabriquées en
rive et mises en place a l'aide d'un lanceur
couvrant deux travées. Elles ont été
solidarisées transversalement par un hourdis
de 0,50m entre tables.

Azwre n°15 : Schéma type d'un VI-FP

Enireholse sur appul Calls da lal=on Fouira
coulds en placs prifabriqiéa

Figwwre n° 16
VI-FP' : Coupe transversale courant e

Hourdls général

—_—— =

Figwre n°17
VI-PF : Hourdis intermédiaire cu géndral
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Coupe type d'un pont routier PRAD
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Admixtures

Affine

Aggressive Environment
Agitation

Air-Entraining Admixtures
Anchorage Zone

Bar

Bearing Plates

Bending

Bilinear Moment-Deflection Relationship
Bleeding

bond

Bonded Tendons

Brackish Water

Bursting

Camber

Capacity

Carryover factor

Cellular Slab

Chases
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Coefficients
Compression Controlled
Concrete Block-Out
Confining Reinforcement
Construction
Construction Joints
Converge

Corrosion

Couplers

Cover

Cracked Elements

Creep

Critical

Deformed Prestressing Bars
Duct(s)

Ductile Iron

Ductile Iron Casting
Ductility Requirements
Dynamometer
Elastic-Perfectly Plastic
Elongations

Encapsulated Tendons
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End Zone

Evaluation

Expansion

External Post Tensioning
Extruded

Factored

Factored Load
Failure

Fatigue

Finite Element Method
Flanged Beam
Flexure

Flushing

Folded Plate

Friction

General Zone

Grade

Gripping Part

Grout

Handling and Storage
Hardened Steel

Harped Tendon
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Hot Dip Galvanizing
Hydrogen Embrittlement
HYPERSTATIC
Identification

Inhibiting

Initial Load Combination
Injection

Inserts

Installation

Isotropic

Iterations

Joist

Load Cell

Local Zone

Long Term

Long-Term Service Load Combination
Low Relaxation

Lower Bound

Mandrels

Mineral Additives
Modulus of Elasticity

Multi-Strand

MU-EPP-FM-010

74
dszola
0)liall

Pl Je pulasally diale

Gz el 5aall

Lol Ssliwd! g4l

il

sl

A 3, L) JLesl ST

(3udlmia) Lkl Jilozo
Jlsall 51, Sl

mac

el dalasl)

¥l aglo

el Wisls &Lt Jles¥l (S5
slsdl s

Sa¥l Azl

L Al8 slesl
Lidae wlils)

Loyl Jolas

Lozl Bolaie

Issue date: 01November2025 Issue no.1 Page 28|42



Nodal Displacement Vectors
Nominal Strength
Nuts

Orthogonal Panel
Orthotropic
Over-Stressed
Parabolic Tendon
Post-Tension
Precompressed Tensile Zone
Prestressed
Pre-Tension

Proof Stress
Punching Shear

Pure Balanced Design
Quality Control
Radial Forces
Required

Ribbed Slab

Rupture

Salt-laden Air

scalar

Screw
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Secondary Moments
Service Load

Service Load Combination
Seven-Wire Strands
Shank

Shear Capacity

Shear Links

Shear stud

Sheathing

Shrinkage

Skin Reinforcement
Slab-Beam Strip
Spacer

Spacing

Spalling

Stiffness Matrices
Strand

Strength Design Load
Strength Design Load Combination
Stress Corrosion
Stress Relieved

Stress Relieved Normal Relaxation
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Stressing Sequence
Strip
Strut
Tendon
Tension Controlled
Tie
Tolerances
Torsion

Transfer Prestressed Force
Transition Elements
Transverse Component
Trial-And-Adjustment
Tributary
Two Orthogonal Frames
Two-Way Slab
Unbalanced Moment
Unbonded Tendons
Uncracked Elements
Uplift
Upper Bound
Versatile

Waffle Slab
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Wire e
Wobbling aduddl
Workability Jelazdl
Working Load 5):‘.51\ Soall
Workmanship Laigall
Woven Hora
Units and Symbols BTVYS PRCARERN |
gzl Jale &ALl ‘.u,sm Sldsg Joll pllasll Slusg
Joul ‘aUéJﬂ Jd &AL ‘al.!é.ﬁl dl sl eyl ‘ua‘:ﬂ
Tm=1m Tm=1m m Al M Al
Tcm =10mm Tmm=0.1cm cm adeud| mm J:Lo_ij._!l‘
Tkg = kg Tkg = Tkg kg el ol kg | ple sl
1s="1s 1s=1s S auldl s aeldl
EES
1c°=1c° 1c°=1c° Lgin Az c®
gl
Tkgf=9.81N 1N =0.102kgf kgf 838 alye LS N Cyigud|
1tf=9.81kN 1kN =0.102tf tf 838 Gk kN g 9SS!
Tkgf.cm= IN.m= 538 al,2sLS
kgf .cm o N. m S Oiges
0.0981TN.m 10.2kgf.cm Skl
Kgf. m ) Ao Giged S
9.81x103kN.m 102kgf.m s m
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TMN.m=
tf. m 858 b | MN.m | e (59w Lige
9.81x10°MN.m 102tf.m
’lkPaZ M ROF :)Ja
tf / m? Pa| N/m? J&ul
0.102tf/m? ol
Tkgf/cm?= TMPa= 525 Al
58 e sliS
kgf/em? | " kPa | JKab okl
0.098MPa 10.2kgf/cm? 2ol Asriall
1MPa= :.53?—” I A
MPa | JISuls Ll
0.098MPa 10.2atm gelladll
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Typical Si Quantities and Units
Quantity unit Symbol  Quantity Unit Symbol
Length | meter m Stress pascal (N/m?) Pa
Area square meter m’ Moment | newton meter N-m
Volume | cubic meter m' Work newton meter Nm
Force newton N Density | kilogram per cubic meter | kg/m’
Weight | newton per cubic meter | N/m' Mass kilogram kg

S| Prefixes
Prefix | Symbol Multiplic ation Factor
tera T 10% = 1 000 000 000 000
giga | G 10" = 1 000 000 000
mega| M 10 = 1 000 000
kilo | 10' = 1 000
hecto| h 10° = 100
deca | da 10 = 10
deci d 107 = 0.100
centi | ¢ 10 = 0.010
milli | m | 1077 = 0.001
micro| u | 107* = 0.000 001
nano | n 1077 = 0.000 000 001
pico | p | 107 = 0.000 000 000 001
Conversion of U.S. Customary Units to Sl Units
U.S. Customary Units S1 Units
lin. 25400 mm = 0.025 400 m
lin? 645.16 mm® = 6.451 600 m* x 107*
1fi 304.800 mm = 0.304 800 m
11b 4448222 N
1 kip 4448222 N = 4448 222 kN
1 psi 6.894 757 kN/m” = 0.006 895 MN/m’® = 0.006 895 N/mm’
1 psf 47.880 N/m”* = 0.047 800 kN/m’
1 ksi 6.894 757 MN/m” = 6.894 757 MPa
1 in-Ib 0.112 985 N-m
1 ft-Ib 1355 818 N-m
1ink 112985 N-m
1 ftk 135582 N-m = 1.355 82 kN-m
Issue date: 01November2025 Issue no.1
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Waatud) g0, sy

Area enclosed by the outside perimeter of the section, in?
Zas tadilall dga JAN 2 gaall 85 ) seasall Aabudl
Gross area of concrete, in?
20n ¢ il Al plaiall 3SH Aabusal
Total area of longitudinal reinforcement to resist torsion, in?
2an ¢ il o gliall Y ghall prabuill 2K Aaliaall
Area enclosed by the shear flow path, sq.-in
20n ¢ il BT ey 5 ) gecnall Aalusal
Area enclosed by the centerline of the outermost closed transverse torsional

reinforcement, sg.-in

2an t3a 1 G3liall oum pal) Jdl) el S a5 ) gl Aabisal

Area of Prestressing steel in flexural tension zone, in?

2an tilhaady) ce Aaall) 2l Aihie 8 3ga sl 35U 220 Y 58 il dalias
Area of tension reinforcement, in?

2an 628 b dabioe

Area of compression reinforcement, in?

% tharall malu dali

Al

Ao

Ao

th

th

Area of steel required for tension reinforcement, in>  As (required)

2an ¢y sllaall 280 il 2alus  As (required)

Area of closed shear reinforcement per unit length of member for torsion, A/s

sg.-in/in

oo an ¢ puaiall Jghsang b Jill Aaglial o DU Bl el il dalua  AdS

MU-EPP-FM-010 Issue date: 01November2025 Issue no.1 Page 35|42



Z4

6jliall

Area of shear reinforcement, in? Ay

2an toaill il dalua Ay

Area of shear reinforcement per unit length of member, in?/in  AJs
oon ¢ puaiall Jghsang b oalll bt alis  AV/S

Depth of compression block, in a

e thrall dihic Gac a

Depth of compression block at balanced condition, in ap

an ¢33 ) Alal) 8 bl Adlaie Gac @

Maximum allowed depth of compression block, in  amax

pa thiall dihid & gowdl abied) el Amax

Width of member, in b

o § painll (e b

Effective width of flange (T-beam section), in by

ao il Sisall b oliall Jlaill mall by

Width of web (T-beam section), in bw

oo thainal gl gdall gmse by

Perimeter of the punching critical section, in bo

oo sl e = jall adiidl me o

Width of the punching critical section in the direction of bending, in b1
an tillaad) oladl 3 il e g el il e by

Width of the punching critical section perpendicular to the direction of b2
bending, in

an tCillaail) e 53 gendl sai) 3 Gl e sl akidl gm e by
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Depth to neutral axis, in
o toal) sl ) dpully Gl
Depth to neutral axis at balanced conditions, in
e 42530 5 AN 3 ) gl ) Ailly (el
Distance from compression face to tension reinforcement, in
an €280 il Jniall Adhaie Ada G ALl
Concrete cover to center of reinforcing, in
pe bl s () dpkaril) A8k Sl
Effective depth from compression face to centroid of tension reinforcement, in
on 280 bt S 5e ) Jaaall Adai Gla (e JUndl) (Genl
Thickness of slab (T-beam section), in
an thaingl 3 sall b ALY ASLew
Distance from extreme compression fiber to centroid of Prestressing steel, in
an 330U 2 I b S e ) o gmall aad) Calll e Al
Modulus of elasticity of concrete, psi
Il Lo Al AN A3 g pe Jalae
Modulus of elasticity of reinforcement, assumed as 29,000,000 psi (ACI 8.5.2)
Juls e (200,000) ¢zebadill 459 0 Jalas
Specified compressive strength of concrete, psi
JSul L ¢(3 31aall da glaall) Jarall e dolu Al 323al) 4 gliall
Specified compressive strength of concrete at time of initial prestress, psi
DSl Ui £330 281 (5 8 J8 die cdarall e dilu ,all 533l da slial)
Compressive stress in concrete due to effective prestress forces only

(after allowance of all prestress losses), psi

Co

Co

de
de
ds

ds

Ec
Es
Es

fi

f'ci
f'ci

fpe
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WSl Lipe §(A8IS e Lzl Cilidia) 2ey) Jad Jladl) 3adU A8l (o @8 580 (e il Al & Jaxaal) slgal foe
Stress in Prestressing steel at nominal flexural strength, psi  fps
Tl Lo ¢ Y] CildaniY) Ao sliad Slga}) Gawse 3V 8 b slgay) fos
Specified tensile strength of Prestressing steel, psi  fuu
Sgay) e Y ill s30aall 22 daglia fyy
Specified yield strength of Prestressing steel, psi  fpy
JSuls Lga £2lga ) Base Y 8l Dl ¢ guiadll Slga) foy

Actual strength of Prestressing steel, psi fse

w

DSl e ¢ 0gaY) e bl 3 il dgaY) e

Extreme fiber stress in tension in the zone pre-compressed tensile using gross  section  fi
properties, psi

2l o @ Ja aie) la Jarall padiin Al Qall Al el pall Calll Jd coalae Y1 A alga) f;
Sl Lige ¢80 adaital) ailiad Jlexiuly ¢(3aU)

Specified yield strength of flexural reinforcement, psi  fy
ISl e tCilans¥) e ol 3Y il S3aall ¢ uadl) Mga)
Specified yield strength of shear reinforcement, psi  fys

JSuly L Gl s 3V il Ddaall £ guiadll g fys
Overall depth of a section, in h

ae tediall U el h

Height of the flange, in hy

e tadaiall - lia oL hs

Wobble friction coefficient per feet of tendon K
Sl Jhall il 4000 e sV dole K

Design moment resistance of a section with tendons only, N-mm  éM,°

an =i 321 ¢ 3LaY) Guane IV sill 5l Olontiasy Jah ¢ aalall _apancill o sliall o 3all - P
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Design moment resistance of a section with tendons and the necessary #Mn"  mild

reinforcement to reach the balanced condition, N-mm

J s sll Za DU bl oy clgaY) Gane I 58 i sf Jlamialy ¢adaiall aparsil o glial) o 3all  BM!
=g ) A AV )

Factored moment at section, Ib-in My

an =gt tedaiall Lo seadll aall My

Minimum Ultimate Tensile Strength, psi MUTS

ISl L ¢l Zaall 2l A glie MUTS

Tension force in concrete due to un-factored dead load plus live load, Ib Nec
st topmmad) e alls cud) Jeall e Ailajall B2l sE N

Factored axial load at section, Ib Pu

s tedaiall e samadl &y ypadll Ageall Py

prestressing force at jackingend, Ib  Py;

G 8 gadiall Algill die dgall Buua 38 Py

Spacing of the shear reinforcement along the length of the beam, in S
(U5h) po ¢ ) Jlse e (il e (sl o Bl S

Factored torsional moment at section, Ib-in Tu

an =g tabiall & seadl Jill p3e Ty

Shear force resisted by concrete, Ib Ve

aw ¢l Al degidl aill s Ve

Maximum permitted total factored shear force at a section, Ib  Vmax

s tedaiall b A ganall Fpalied) IS samiad) el 38 Vinax

Factored shear force at a section, Ib Vu

st tedaiall S samad) aill 3@V
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Shear force resisted by steel, Ib Vs

Chea ¢ oally A glidl) uaﬂ\ a}a Vs

Factor for obtaining depth of compression block in concrete ozl
e AL AY 6 baaal) dihie Gee Gl Jale B

Ratio of the maximum to the minimum dimensions of the punching critical section Yot

zoa) il dihie e i) ) oSV sl A B
Strain in concrete &
Al Al Jlea) &

Maximum usable compression strain allowed in extreme concrete fiber &c,max

(0.003 in/in)

(a/as 0.003) 28 AN il 3 Jlaxiadl Q1 Jaxianall oadic§) Jail¥) £ max

Strain in Prestressing steel  &pss
Aeal) Gawe W b 8 JadN)  Spss

Strain in reinforcing steel &s

ol 3l O &

Minimum tensile strain allowed in steel reinforcement at nominal strength for tension &, min
controlled behavior (0.005 in/in)

1L o sSaall daliall Al Al 3 ) sleaY) die 2l e bl 3V g8 8z gend) 51 JeEY) &, min

(/2 0.005)
Strength reduction factor 7

Fraction of unbalanced moment transferred by flexure Wi
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ila) A Jgfiall o) giall e ol (e e ) Vg
Fraction of unbalanced moment transferred by eccentricity of shear %
ol 48 5Y A Jsinall o3 sl e a3l e eall 4

Shear strength reduction factor for lightweight concrete A

>

068 Al Al il Faglie (misd Jale
Curvature friction coefficients <4
iaid) AN ddle 4
Angle of compression diagonals, degrees 8%

B Ss kil Taaall 3y A
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